Introduction {#H1-1-POI200007}
============

Childhood obesity is a pressing challenge and a public health priority in the 21st century, with more than a third of children in the UK experiencing either overweight or obesity by the end of primary school.^[@poi200007r1],[@poi200007r2]^ The central cause of obesity is the imbalance between calorie expenditure and intake, resulting from greater consumption of energy-dense foods and increased sedentary lifestyles.^[@poi200007r3]^ Video game use is considered a risk behavior for developing obesity; it increases sedentary time and may be associated with consumption of unhealthy beverages and snacks.^[@poi200007r4]^ However, few studies have looked at the association between video game use and body mass index (BMI; calculated as weight in kilograms divided by height in meters squared), independent of measures of general screen time.^[@poi200007r5]^

Studies that have investigated this association have found mixed evidence.^[@poi200007r6],[@poi200007r7],[@poi200007r8],[@poi200007r9],[@poi200007r10]^ A study of a nationally representative sample of 2831 children found a significant curvilinear association between a moderate amount of video game playing and a higher weight status, compared with very little or a high amount of video game playing.^[@poi200007r6]^ An online cross-sectional study of 562 adult participants found that male video game players reported a higher BMI than nonplayers.^[@poi200007r7]^ However, a meta-analysis of 6 cross-sectional studies (N = 1722) suggested that video game use was not associated with having body fat (*r* = 0.07; 95% CI, −0.048 to 0.188),^[@poi200007r8]^ and findings from this meta-analysis were confirmed by subsequent cross-sectional studies of adolescents.^[@poi200007r9],[@poi200007r10]^ No study, however, has investigated the association of video game use with BMI over time, to our knowledge.

Video game use from 5 to 13 years of age is relatively stable,^[@poi200007r11]^ but sustained engagement in a sedentary behavior is likely to be associated with notable changes in weight over the long term. In line with this finding, 1 study reported that children's screen (television and video game) time at baseline (age 5-10 years) was associated with BMI *z* scores at follow-up (age 8-13 years) (β = 0.02; 95% CI, 0.01-0.02).^[@poi200007r12]^ Therefore, cross-sectional studies may not be able to demonstrate an association between video game use and BMI in the short term, but prospective studies may capture changes that have occurred as a consequence of longer-term engagement.

In addition, video game use may be associated with other energy-balance behaviors that have been associated with obesity. Associations have been demonstrated between greater video game use and increased snacking and sugar-sweetened beverage (SSB) consumption as well as reduced physical activity and sleep duration.^[@poi200007r8],[@poi200007r13],[@poi200007r14],[@poi200007r15],[@poi200007r16],[@poi200007r17],[@poi200007r18]^ Meta-analyses have demonstrated that these energy-balance behaviors are associated with a higher risk of obesity.^[@poi200007r19],[@poi200007r20]^ The role that the amount of video game use plays in poor energy-balance behaviors may explain why playing video games at an early age can be a factor in higher body weight over time.

The present study aimed to build on previous research by investigating whether a longer-term association exists between video game use at an early age and subsequent BMI, independent of television use. We also explored whether SSB consumption, physical activity, regular bedtimes, and high-calorie food consumption are mediating factors between video game use and high BMI. We hypothesized that (1) video game use would be positively associated with BMI while controlling for television use at baseline, and (2) higher levels of SSB and snack consumption, lower levels of physical activity, and less regular bedtimes would mediate this association.

Methods {#H1-2-POI200007}
=======

Sample and Study Design {#H2-1-POI200007}
-----------------------

This cohort study is a secondary analysis of survey data collected by the Millennium Cohort Study,^[@poi200007r21]^ a nationally representative prospective birth cohort study of 19 517 children born in the UK from September 1, 2000, to January 31, 2002. The present study focused on the most recent data collected when the children were aged 5, 7, 11, and 14 years. Ethical approval before every wave of data collection in the Millennium Cohort study was obtained from the London Multi-Centre Research Ethics Committee, Yorkshire Multi-Centre Research Ethics Committee, and Yorkshire and The Humber---Leeds East and National Research Ethics Service Committee London---Central.^[@poi200007r22]^ Informed written consent for participants aged 5, 7, and 11 years was obtained from the parents or caregivers, who were asked to respond to the survey or report data for themselves and their children; for those aged 14 years, written informed consent was obtained from the children with permission from their parents.

Measures {#H2-2-POI200007}
--------

Data for all variables, except BMI, at ages 5, 7, and 11 years were provided by parental or caregiver reporting. At age 14 years, the children were asked to report their own behavior.

### Video Game and Television Use {#H3-1-POI200007}

The main exposure variable was weekday video game use. The scale used 6 categories, ranging from none to more than 7 hours per weekday. After reviewing the distribution of the data, we collapsed the exposure variable into 4 categories of video game play per weekday: none, less than an hour, 1 to 3 hours, and 3 or more hours.

Television use was measured on a scale composed of 6 categories ranging from none to more than 7 hours per weekday spent watching television, videos, or DVDs. In line with previous studies, this study derived a binary variable to show high levels of television use per weekday: less than 3 hours (0) or 3 or more hours (1).^[@poi200007r23]^

### Physical Activity and Regularity of Bedtimes {#H3-2-POI200007}

Physical activity at ages 5, 7, and 11 years was measured from parental reports of the number of days per week that their children took part in a sports club or a class that involved physical activity rated on a scale of 1 (5 or more days per week) to 6 (less than 1 day per week or not at all). As was done in previous studies, a binary measure of physical activity was derived to obtain a measure of low levels of physical activity: at least 1 day per week (0) or less often or not at all (1).^[@poi200007r23]^ Children aged 14 years were asked to estimate the number of days per week that they engaged in moderate or vigorous physical activity rated on a scale of 1 (every day) to 5 (not at all). For the present study, the categories of 1 to 2 days and not at all were condensed into the less often category.

The regularity with which children went to bed at the same time each night was measured at ages 5, 7, and 11 years based on a scale of 1 (no, never, or almost never) to 4 (yes, always). A binary variable of bedtime regularity was derived and categorized as no (0) or yes (1), in line with previous studies.^[@poi200007r23]^

### Consumption of SSBs and High-Calorie Food {#H3-3-POI200007}

For SSB consumption at ages 5 and 7 years, a binary variable was calculated on the basis of whether the children drank SSBs in between meal times: yes (1) or no (0). The parents, when their children were aged 11 years, and the children at age 14 years were asked about the frequency of SSB consumption on a scale of 1 (once a day or more) to 3 (less often than once a week).^[@poi200007r24]^

For high-calorie food consumption at ages 5 and 7 years, binary variables were derived from whether the children ate any high-fat, high-salt, or high-sugar food (cakes, sweets, chocolate): yes (1) or no (0).^[@poi200007r23]^ At age 14 years, children were asked to indicate the frequency of their fast food consumption, on a scale of 1 (more than once a day) to 7 (never). On the basis of data distribution, fast food consumption was condensed into 4 categories, ranging from 1 (once a day or more) to 4 (less than once a month).

### BMI SD Score and Covariates {#H3-4-POI200007}

The outcome variable for this study was the BMI SD score. At each home visit in the Millennium Cohort Study, a trained researcher measured height to the closest millimeter with a stadiometer (Leicester Height Measure; Tanita Corp) and weight to the nearest 100 g with a scale (Tanita HD-305; Tanita Corp). The BMI SD score was calculated from the UK 1990 growth reference chart assessing sex, height, weight, and age in children,^[@poi200007r25]^ using a spreadsheet (Microsoft Excel 2010, Microsoft Corp).

The covariates were sex, race/ethnicity (white or other), and socioeconomic status (SES) calculated using quintiles of family income that was adjusted according to the modified Organisation for Economic Co-operation and Development scale.^[@poi200007r26]^ [Table 1](#poi200007t1){ref-type="table"} outlines the variables available at each data collection wave and the analysis type (cross-sectional or mediation) in which they were used.

###### Summary of Variables Used in the Analyses and the Age at Which They Were Available

  Variable                             Age 5 y                                             Age 7 y   Age 11 y   Age 14 y
  ------------------------------------ --------------------------------------------------- --------- ---------- ----------
  Covariates                                                                                                    
  Sex                                  M and C                                             C         C          C
  Race/ethnicity                       M and C                                             C         C          C
  SES                                  M and C                                             C         C          C
  Independent variables/mediators                                                                               
  Television use                       M[^a^](#poi200007t1n1){ref-type="table-fn"} and C   C         C          C
  Physical activity                    C                                                   M and C   M and C    C
  High-calorie food consumption        C                                                   M and C   NA         NA
  Frequency of fast food consumption   NA                                                  NA        NA         C
  SSB consumption                      C                                                   M and C   NA         NA
  Frequency of SSB consumption         NA                                                  NA        M and C    C
  Regular bedtime                      C                                                   M and C   M and C    NA
  Video game use                       M and C                                             C         C          C
  Outcome variable                                                                                              
  BMI-SDS                              M[^a^](#poi200007t1n1){ref-type="table-fn"} and C   C         C          M and C

Abbreviations: BMI-SDS, body mass index SD score; C, included in cross-sectional analysis; M, included in mediation analysis; NA, not applicable; SES, socioeconomic status; SSB, sugar-sweetened beverage.

Was used as a covariate in the mediation analysis.

Statistical Analysis {#H2-3-POI200007}
--------------------

Descriptive statistics were stratified by video game use. Missing value analysis found that 17% of 16 376 values were missing and 46% of 524 032 cases had at least 1 piece of missing data, and the Little *t* test ascertained that the data were not missing completely at random. Multiple imputation was conducted to account for the missing data, with all the variables used in the analyses included. Missing data from variables considered to be stable over time, such as sex and race/ethnicity, were imputed whenever possible from all time points.^[@poi200007r27]^ Body Mass Index SD scores less than --5 or greater than 5 were removed because they were deemed to be extreme values.^[@poi200007r28]^ This removal provided a sample of 16 376 participants for the analyses.

For all analyses, CIs were used to judge statistical significance, except for the development of the mediation model in which *P* \< .20 was used to identify associated variables. Statistical analyses were conducted in IBM SPSS Statistics, version 24.0 (IBM), and SmartPLS, version 3.0 (SmartPLS GmbH). Initial data analysis was conducted between September 18, 2018, and September 28, 2018, with supplementary analyses conducted from October 7, 2019, to November 22, 2019.

### Cross-Sectional Analysis {#H3-5-POI200007}

Hierarchical linear regressions were conducted at each data collection wave to analyze the associations between the variables of interest and the BMI SD score while controlling for sex, race/ethnicity, and SES. Covariates were added into the regression at the first level and followed by the energy-balance behaviors at the next level, as these variables' association with BMI SD score had robust support in the literature. Video game use was added into the final level, as it was the variable of interest in the study and had less support in previous literature.

### Mediation Analysis {#H3-6-POI200007}

Path analysis was used to explore whether energy-balance behaviors mediated the association between video game use and BMI SD score. The Baron and Kenny^[@poi200007r29]^ method was initially followed to establish which variables to include in the full mediation analysis. We ran linear and logistic regressions to ascertain which variables were associated with BMI SD score and whether video game use was associated with the energy-balance mediators. These variables were controlled for sex, race/ethnicity, SES, television use, and BMI SD score at baseline (age 5 years). A post hoc power and sample size calculation was conducted to ensure enough degrees of freedom to enable the identification of the model and enough observations to enable the accurate estimation of the paths. Based on the Streiner study,^[@poi200007r30]^ the exploratory model we used could estimate a maximum of 66 parameters and the final model 45 parameters. The exploratory model had 60 parameters and the final model 44 parameters, which meant that our models were slightly overidentified. Klein^[@poi200007r31]^ claimed that between 10 and 20 observations were needed per parameter. With the exploratory model run for the present study requiring a sample size of 1200, we confirmed that the sample was adequate.

The exploratory model was refined, by removing the weakest mediators, to improve the model fit. The model fit was assessed with the comparative fit index (CFI), the Tucker-Lewis index (TLI) being greater than 0.95, and the root mean square error of approximation (RMSEA) being less than 0.05. The fitting algorithm used was partial least squares. A sensitivity analysis was also conducted in which the outcome variable (BMI SD score at age 14 years) was replaced with the change in BMI SD score from age 5 to 14 years. A further sensitivity analysis was conducted in which the independent variables were not collapsed.

Results {#H1-3-POI200007}
=======

Descriptive Statistics {#H2-4-POI200007}
----------------------

A total of 15 246 children participated in the data collection at age 5 years, 13 857 at age 7 years, 13 287 at age 11 years, and 11 714 at age 14 years. The full sample comprised 16 376 children and had nearly an equal number of boys (8393 \[51.3%\]) and girls (7983 \[48.7%\]), with the predominant race/ethnicity of white (ranging from 8961 of 11714 \[76.5%\] to 11597 of 13857 \[83.7%\] reported at each data collection wave). A roughly equal number of participants from each SES was also observed, with the difference ranging from 239 of 13857 (1.7%) to 704 of 11714 (6.0%) at each wave. Descriptive statistics are reported in [Table 2](#poi200007t2){ref-type="table"}.

###### Descriptive Statistics for the Variables Included in the Study

  Variable                             Video Game Use, No. (%)                                                                                                                                                                                                                                                                  
  ------------------------------------ ------------------------- ------------- ------------- ------------ --------------- ------------- ------------- ------------- ------------ --------------- ------------- ------------- ------------- ------------ --------------- ------------- ------------- ------------- ------------- -------------
  Sex                                                                                                                                                                                                                                                                                                                           
  Male                                 2177 (44.4)               3317 (50.0)   1965 (62.1)   298 (64.8)   7798 (51.1)     740 (43.1)    3225 (45.1)   2629 (60.6)   399 (69.0)   7029 (50.7)     584 (29.8)    2061 (40.3)   3394 (64.5)   583 (73.9)   6712 (50.5)     321 (15.1)    832 (28.9)    2100 (63.9)   2418 (78.6)   5877 (50.2)
  Female                               2730 (55.6)               3320 (50.0)   1200 (37.9)   162 (35.2)   7448 (48.9)     975 (56.9)    3919 (54.9)   1709 (39.4)   179 (31.0)   6828 (49.3)     1378 (70.2)   3049 (59.7)   1867 (35.5)   206 (26.1)   6575 (49.5)     1806 (84.9)   2042 (71.1)   1187 (36.1)   658 (21.4)    5837 (49.8)
  Race/ethnicity                                                                                                                                                                                                                                                                                                                
  White                                4134 (84.2)               5641 (85.0)   2532 (80.0)   350 (76.1)   12 705 (83.3)   1258 (73.4)   6138 (85.9)   3652 (84.2)   489 (84.6)   11 597 (83.7)   1506 (76.8)   4314 (84.4)   4389 (83.4)   659 (83.5)   10 992 (82.7)   1629 (77.3)   2238 (78.5)   2501 (76.8)   2585 (85.0)   8961 (79.5)
  Other                                773 (15.8)                994 (15.0)    633 (20.0)    110 (23.9)   2539 (16.7)     457 (26.6)    1005 (14.1)   686 (15.8)    89 (15.4)    2259 (16.3)     445 (23.2)    795 (15.6)    871 (16.6)    130 (16.5)   2292 (17.3)     478 (22.7)    613 (21.5)    756 (23.2)    456 (15.0)    2304 (20.5)
  SES, quintile                                                                                                                                                                                                                                                                                                                 
  Lowest                               1202 (24.5)               1160 (17.5)   846 (26.8)    164 (35.9)   3375 (22.3)     540 (31.5)    1170 (16.4)   956 (22.0)    177 (30.6)   2856 (20.6)     417 (21.3)    816 (16.0)    1048 (19.9)   207 (26.2)   2530 (19.0)     300 (14.1)    432 (15.0)    630 (19.2)    550 (17.9)    2010 (17.2)
  Second                               1015 (20.7)               1316 (19.9)   809 (25.6)    124 (27.1)   3264 (21.6)     406 (23.7)    1357 (19.0)   962 (22.2)    120 (20.8)   2862 (20.7)     429 (21.9)    864 (16.9)    1042 (19.8)   179 (22.7)   2551 (19.2)     321 (15.1)    460 (16.0)    540 (16.4)    580 (18.9)    1983 (16.9)
  Third                                912 (18.6)                1358 (20.5)   593 (18.8)    76 (16.6)    2939 (19.4)     263 (15.3)    1432 (20.1)   959 (22.1)    122 (21.1)   2797 (20.2)     395 (20.1)    1053 (20.6)   1165 (22.1)   172 (21.8)   2828 (21.3)     407 (19.1)    561 (19.5)    660 (20.1)    691 (22.5)    2382 (20.3)
  Fourth                               872 (17.8)                1437 (21.7)   535 (17.0)    60 (13.1)    2906 (19.2)     259 (15.1)    1549 (21.7)   783 (18.1)    94 (16.3)    2699 (19.5)     365 (18.6)    1205 (23.6)   1094 (20.8)   125 (15.8)   2815 (21.2)     517 (24.3)    681 (23.7)    728 (22.1)    704 (22.9)    2687 (22.9)
  Highest                              897 (18.3)                1349 (20.4)   371 (11.8)    33 (7.2)     2651 (17.5)     247 (14.4)    1629 (22.8)   676 (15.6)    65 (11.2)    2623 (19.0)     356 (18.1)    1172 (22.9)   912 (17.3)    106 (13.4)   2563 (19.3)     582 (27.4)    740 (25.7)    729 (22.2)    551 (17.9)    2652 (22.6)
  Television use, h                                                                                                                                                                                                                                                                                                             
  \<3                                  4311 (87.9)               5923 (89.2)   2426 (76.7)   194 (42.2)   12 856 (84.8)   1475 (86.1)   6440 (90.1)   3405 (78.5)   255 (44.1)   11 582 (84.0)   1736 (88.5)   4593 (89.9)   4406 (83.8)   401 (50.8)   11 139 (84.9)   1378 (64.8)   1853 (64.5)   1957 (59.6)   1303 (42.4)   6497 (57.2)
  ≥3                                   595 (12.1)                712 (10.7)    738 (23.3)    266 (57.8)   2313 (15.2)     239 (13.9)    704 (9.9)     931 (21.5)    322 (55.8)   2198 (16.0)     226 (11.5)    517 (10.1)    853 (16.2)    388 (49.2)   1985 (15.1)     747 (35.2)    1020 (35.5)   1329 (40.4)   1772 (57.6)   4869 (42.8)
  Frequency of physical activity                                                                                                                                                                                                                                                                                                
  ≥1 d/wk                              2437 (49.7)               3690 (55.6)   1448 (45.8)   164 (35.7)   7741 (51.0)     972 (56.7)    5146 (72.0)   2785 (64.2)   337 (58.3)   9247 (67.1)     1429 (72.8)   3957 (77.4)   3857 (73.3)   491 (62.2)   9737 (74.2)     NA            NA            NA            NA            NA
  \<Once/ wk                           2470 (50.3)               2947 (44.4)   1717 (54.2)   296 (64.3)   7433 (49.0)     743 (43.3)    1998 (28.0)   1553 (35.8)   241 (41.7)   4540 (32.9)     533 (27.2)    1153 (22.6)   1404 (26.7)   298 (37.8)   3390 (25.8)     NA            NA            NA            NA            NA
  Every day                            NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              NA            NA            NA            NA           NA              335 (15.8)    524 (18.2)    705 (21.5)    525 (17.1)    2093 (18.4)
  5-6 d/wk                             NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              NA            NA            NA            NA           NA              408 (19.2)    552 (19.2)    679 (20.7)    559 (18.2)    2199 (19.4)
  3-4 d/wk                             NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              NA            NA            NA            NA           NA              697 (32.9)    991 (34.5)    1123 (34.2)   1017 (33.1)   3829 (33.7)
  Less often                           NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              NA            NA            NA            NA           NA              681 (32.1)    806 (28.1)    776 (23.6)    971 (31.6)    3236 (28.5)
  Regular bedtime                                                                                                                                                                                                                                                                                                               
  No                                   218 (4.4)                 287 (4.3)     221 (7.0)     41 (8.9)     767 (5.1)       76 (4.4)      218 (3.1)     192 (4.4)     47 (8.1)     533 (3.9)       62 (3.2)      144 (2.8)     197 (3.7)     54 (6.8)     457 (3.5)       NA            NA            NA            NA            NA
  Yes                                  4689 (95.6)               6350 (95.7)   2944 (93.0)   419 (91.1)   14 407 (94.9)   1639 (95.6)   6925 (96.9)   4146 (95.6)   531 (91.9)   13 250 (96.1)   1900 (96.8)   4966 (97.2)   5063 (96.3)   735 (93.2)   12 669 (96.5)   NA            NA            NA            NA            NA
  High-calorie food consumption                                                                                                                                                                                                                                                                                                 
  None                                 1043 (21.2)               1241 (18.7)   485 (15.3)    75 (16.3)    2844 (18.8)     385 (22.4)    1429 20.0()   723 (16.7)    86 (14.9)    2626 (19.1)     NA            NA            NA            NA           NA              NA            NA            NA            NA            NA
  Yes                                  3861 (78.7)               5392 (81.2)   2678 (84.6)   384 (83.5)   12 320 (81.2)   1330 (77.6)   5713 (80.0)   3614 (83.3)   491 (85.1)   11 154 (80.9)   NA            NA            NA            NA           NA              NA            NA            NA            NA            NA
  SSB consumption                                                                                                                                                                                                                                                                                                               
  None                                 3489 (71.1)               4740 (71.5)   2136 (67.6)   305 (66.4)   10 674 (70.4)   1268 (73.9)   5260 (73.7)   3025 (69.7)   367 (63.5)   9927 (72.0)     NA            NA            NA            NA           NA              NA            NA            NA            NA            NA
  Yes                                  1415 (28.9)               1894 (28.5)   1026 (32.4)   154 (33.6)   4490 (29.6)     447 (26.1)    1880 (26.3)   1312 (30.3)   211 (36.5)   3852 (28.0)     NA            NA            NA            NA           NA              NA            NA            NA            NA            NA
  Frequency of SSB consumption                                                                                                                                                                                                                                                                                                  
  ≥Once/d                              NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              549 (28.0)    1483 (29.0)   1778 (33.8)   281 (35.6)   4094 (31.2)     389 (18.3)    578 (20.2)    768 (23.5)    947 (31.0)    2684 (23.8)
  1-6 d/wk                             NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              561 (28.6)    1477 (28.9)   1589 (30.2)   252 (31.9)   3879 (29.6)     821 (38.8)    1223 (42.8)   1586 (48.5)   1422 (46.6)   5057 (44.8)
  Less often                           NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              851 (43.4)    2145 (42.0)   1892 (36.0)   256 (32.4)   5146 (39.2)     904 (42.8)    1059 (37.0)   914 (28.0)    682 (22.4)    3559 (31.5)
  Frequency of fast food consumption                                                                                                                                                                                                                                                                                            
  ≥Once/d                              NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              NA            NA            NA            NA           NA              37 (1.7)      45 (1.6)      68 (2.1)      62 (2.0)      212 (1.9)
  1-6 d/wk                             NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              NA            NA            NA            NA           NA              459 (21.7)    703 (24.5)    910 (27.8)    965 (31.6)    3041 (26.9)
  At least once/mo                     NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              NA            NA            NA            NA           NA              888 (41.9)    1275 (44.5)   1461 (44.7)   1343 (43.9)   4967 (43.9)
  Less often                           NA                        NA            NA            NA           NA              NA            NA            NA            NA           NA              NA            NA            NA            NA           NA              735 (34.7)    842 (29.4)    832 (25.4)    686 (22.4)    3098 (27.4)
  BMI-SDS, mean (SD)                   0.4 (1.1)                 0.4 (1.1)     0.5 (1.1)     0.5 (1.2)    0.4 (1.1)       0.4 (1.2)     0.4 (1.1)     0.5 (1.2)     0.5 (1.2)    0.4 (1.2)       0.6 (1.2)     0.6 (1.2)     0.7 (1.2)     0.8 (1.3)    0.7 (1.2)       0.7 (1.1)     0.7 (1.2)     0.7 (1.2)     0.7 (1.3)     0.7 (1.2)

Abbreviations: BMI-SDS, body mass index SD score; NA, not applicable; SES, socioeconomic status; SSB, sugar-sweetened beverage.

Cross-Sectional Analysis {#H2-5-POI200007}
------------------------

Associations between the covariates and BMI SD scores were consistent across all ages (sex: ranging from β = −0.05 \[95% CI, −0.09 to −0.02\] at age 5 years to β = 0.06 \[95% CI, 0.01-0.12\] at age 14 years; race/ethnicity: ranging from β = −0.30 \[95% CI, −0.35 to −0.25\] at age 5 years to β = −0.10 \[95% CI, −0.18 to −0.03\] at age 14 years; SES: ranging from β = −0.02 \[95% CI, −0.03 to −0.01\] at age 5 years to β = −0.09 \[95% CI, −0.11 to −0.07\] at age 14 years). Associations between energy-balance variables and BMI SD scores were less consistent across ages (physical activity, ≥1 d/wk vs \<1 d/wk: ranging from β = −0.02 \[95% CI, −0.06 to 0.02\] at age 5 years to β = 0.04 \[95% CI, −0.02 to 0.10\] at age 11 years; SSB consumption: ranging from β = ≤0.01 \[95% CI, −0.04 to 0.04\] at age 5 years to β = 0.01 \[95% CI, −0.03 to 0.05\] at age 7 years; high-calorie food consumption: ranging from β = −0.03 \[95% CI, −0.07 to 0.02\] at age 5 years to β = −0.03 \[95% CI, −0.09 to 0.03\] at age 7 years; regular bedtimes: ranging from β = 0.14 \[95% CI, 0.06-0.22\] at age 5 years to β = 0.06 \[95% CI, −0.05 to 0.17\] at age 11 years). Video game use, however, was associated with the BMI SD score at ages 5 years (β = 0.03; 95% CI, 0.01-0.05) and 7 years (β = 0.05; 95% CI, 0.02-0.07). Results of the fully adjusted regressions are shown in [Table 3](#poi200007t3){ref-type="table"}.

###### Fully Adjusted Linear Regression Models Conducted at Each Wave for Associations With Body Mass Index SD Score

  Variable                                    Difference (95% CI)[^a^](#poi200007t3n1){ref-type="table-fn"}                                                      
  ------------------------------------------- --------------------------------------------------------------- ------------------------ ------------------------- -------------------------
  Sex                                                                                                                                                            
  Male vs female                              −0.05 (−0.09 to −0.02)                                          −0.06 (−0.09 to −0.02)   −0.13 (−0.17 to −0.08)    0.06 (0.01 to 0.12)
  Race/ethnicity                                                                                                                                                 
  White vs other                              −0.30 (−0.35 to −0.25)                                          −0.16 (−0.21 to −0.11)   −0.06 (−0.11 to \<0.01)   −0.10 (−0.18 to −0.03)
  SES, income quintiles,                                                                                                                                         
  Lowest to highest                           −0.02 (−0.03 to −0.01)                                          −0.03 (−0.04 to −0.01)   −0.05 (−0.07 to −0.04)    −0.09 (−0.11 to −0.07)
  Television use, h                                                                                                                                              
  None to \<3 h vs ≥3 h                       0.09 (0.04 to 0.14)                                             0.07 (0.01 to 0.12)      0.15 (0.09 to 0.20)       0.11 (0.05 to 0.16)
  Frequency of physical activity                                                                                                                                 
  At least 1 d/wk vs \<1 d/wk                 −0.02 (−0.06 to 0.02)                                           −0.02 (−0.10 to 0.07)    0.04 (−0.02 to 0.10)      NA
  Every day, 5-6 d/wk, 3-4 d/wk, less often   NA                                                              NA                       NA                        0.09 (0.07 to 0.12)
  SSB                                                                                                                                                            
  No consumption vs consumption               \<0.01 (−0.04 to 0.04)                                          0.01 (−0.03 to 0.05)     NA                        NA
  Frequency of SSB consumption                                                                                                                                   
  ≥Once/d, 1-6 d/wk, less often               NA                                                              NA                       −0.01 (−0.04 to 0.01)     −0.03 (−0.06 to \<0.01)
  High-calorie food                                                                                                                                              
  No consumption vs consumption               −0.03 (−0.07 to 0.02)                                           −0.03 (−0.09 to 0.03)    NA                        NA
  Frequency of fast food consumption                                                                                                                             
  ≥Once/d, 1-6 d/wk, once/mo, less often      NA                                                              NA                       NA                        0.09 (0.06 to 0.11)
  Bedtimes                                                                                                                                                       
  Regular bedtime vs irregular bedtime        0.14 (0.06 to 0.22)                                             0.11 (0.01 to 0.21)      0.06 (−0.05 to 0.17)      NA
  Video game use, h                                                                                                                                              
  None, \<1 h, 1-3 h, ≥3 h                    0.03 (0.01 to 0.05)                                             0.05 (0.02 to 0.07)      \<0.01 (−0.04 to 0.04)    0.01 (−0.01 to 0.03)

Abbreviations: NA, not applicable; SES, socioeconomic status; SSB, sugar-sweetened beverage.

Difference refers to the standardized β regression coefficients.

Mediation Analysis {#H2-6-POI200007}
------------------

Regular bedtime at age 7 years (odds ratio \[OR\], 1.20 \[95% CI, 1.05-1.37\]; β = 0.142 \[95% CI, 0.051-0.232\]), SSB consumption at age 7 years (OR, 1.08 \[95% CI, 1.03-1.13\]; β = 0.037 \[95% CI, 0.001-0.073\]) and 11 years (β = −0.043 \[95% CI, −0.062 to −0.024\]; β = −0.023 \[95% CI, −0.046 to −0.001\]), physical activity at age 7 years (OR, 1.03 \[95% CI, 0.99-1.08\]; β = 0.045 \[95% CI, 0.006-0.084\]), and high-calorie food consumption at age 7 years (OR, 1.10 \[95% CI, 1.04-1.16\]; β = 0.037 \[95% CI, −0.016 to 0.090\]) were associated (*P* \< .20) with video game use at age 5 years and the BMI SD score at age 14 years. Therefore, because all energy-balance behavior measures were associated at age 7 years, these measures were used in the exploratory mediation models, with the exception of SSB consumption at age 11 years because of the high multicollinearity with SSB consumption at age 7 years. Of the 2 measures, SSB consumption at age 7 years was retained to be consistent with the age at assessment of the other mediating behaviors in the model. The results of the exploratory regressions for the mediation analysis are outlined in [Table 4](#poi200007t4){ref-type="table"}. The exploratory models were subsequently pruned, with nonsignificant mediation variables removed to improve the model fit (eFigures 1 and 2 in the [Supplement](#note-POI200007-1-s){ref-type="supplementary-material"}).

###### Logistic and Linear Regressions for Associations With Body Mass Index SD Score and Energy-Balance Behaviors

  Variable                                 Hours of video game use at age 5 y, OR (95% CI)                       BMI-SDS at age 14 y, difference (95% CI)[^a^](#poi200007t4n1){ref-type="table-fn"}
  ---------------------------------------- --------------------------------------------------------------------- ------------------------------------------------------------------------------------
  Physical activity, age 7 y                                                                                     
  At least 1 d/wk vs \<1 d/wk              1.03 (0.99 to 1.08)                                                   0.045 (0.006 to 0.084)
  Physical activity, age 11 y                                                                                    
  At least 1 d/wk vs \<1 d/wk              1.04 (0.99 to 1.09)                                                   0.030 (−0.027 to 0.088)
  High-calorie food consumption, age 7 y                                                                         
  No consumption vs consumption            1.10 (1.04 to 1.16)                                                   0.037 (−0.016 to 0.090)
  Bedtimes, age 7 y                                                                                              
  Regular bedtime vs irregular bedtime     1.20 (1.05 to 1.37)                                                   0.142 (0.051 to 0.232)
  Bedtimes, age 11 y                                                                                             
  Regular bedtime vs irregular bedtime     1.06 (0.95 to 1.18)                                                   0.143 (−0.021 to 0.308)
  Video game use, age 5 y                                                                                        
  None, \<1 h, 1-3 h, ≥3 h                 NA                                                                    0.027 (0.004 to 0.050)
  SSB consumption, age 7 y                                                                                       
  No consumption vs consumption            1.08 (1.03 to 1.13)                                                   0.037 (0.001 to 0.073)
  SSB consumption, age 11 y                                                                                      
  ≥Once/d, 1-6 d/wk, less often            −0.043 (−0.062 to −0.024)[^b^](#poi200007t4n2){ref-type="table-fn"}   −0.023 (−0.046 to −0.001)[^b^](#poi200007t4n2){ref-type="table-fn"}

Abbreviations: BMI-SDS, body mass index SD score; NA, not applicable; OR, odds ratio; SSB, sugar-sweetened beverage.

Difference refers to the standardized β regression coefficients.

Reflects the difference (95% CI), not the OR.

The final model included regular bedtime and SSB consumption at age 7 years. The results of the model fit measures indicated a good fit of the model (CFI = 0.999; TLI = 0.974; RMSEA = 0.021). The standardized bias-corrected bootstrapping results showed that video game use at 5 years was associated with regular bedtimes (β = 0.031; 95% CI, 0.013-0.049) and SSB consumption (β = 0.029; 95% CI, 0.013-0.045) at age 7 years, and both regular bedtimes (β = 0.022; 95% CI, 0.008-0.036) and consumption of SSB (β = 0.013; 95% CI, 0.001-0.025) at age 7 years were associated with the BMI SD score at age 14 years ([Figure](#poi200007f1){ref-type="fig"}). The total association (direct and indirect associations) of video game use with BMI SD score was statistically significant (β = 0.018; 95% CI, 0.004-0.032), and the direct association of video game use with BMI SD score was also statistically significant (β = 0.017; 95% CI, 0.003-0.031), indicating partial mediation. The total indirect association was statistically significant (β = 0.0011; 95% CI, 0.0003-0.0019), which suggests that the combination of the variables successfully mediated a small proportion of the association between video game use and BMI SD score. The specific indirect pathways for regular bedtimes (β = 0.0005; 95% CI, 0.0001-0.0011) and SSB consumption (β = 0.0004; 95% CI, 0.0001-0.0008) were both statistically significant. The final mediation model accounted for 36.7% (95% CI, 35.5-37.8) of the variance of the BMI SD score at age 14 years.

![Final Mediated Pathway From Video Game Use to the Body Mass Index SD Score\
Standardized regression coefficients are shown with the arrows pointing to the outcome variable.](jamapediatr-174-563-g001){#poi200007f1}

The sensitivity analyses with change in BMI SD score as the outcome and the independent variables that were not collapsed had similar results (eFigures 3 and 4 in the [Supplement](#note-POI200007-1-s){ref-type="supplementary-material"}).

Discussion {#H1-4-POI200007}
==========

To our knowledge, this study was the first to investigate the prospective association between video game use and BMI SD score while controlling for television use. Greater video game use at age 5 years was associated with a higher BMI SD score at age 14 years, although this association was small. This association appeared to be partially mediated by the regularity of bedtimes and SSB consumption, athough indirect associations were small. These mediating pathways are consistent with previous research that reported increased video game use was associated with less regular bedtimes^[@poi200007r20],[@poi200007r32]^ and greater consumption of SSBs^[@poi200007r19]^ and that irregular bedtimes and higher SSB consumption were associated with elevated BMI.^[@poi200007r13],[@poi200007r15],[@poi200007r33],[@poi200007r34],[@poi200007r35]^ However, we believe that the present study was the first to explicitly test this mediation model.

A potential explanation for why SSB consumption was found as a mediator of the association between video game use and BMI is that many video games have embedded in-game advertisements, which often promote SSBs. These advertisements take different forms, such as posters and billboards displayed in the environment and in-game consumption of branded SSBs.^[@poi200007r36]^ Brands invest a lot of advertising money into video games and video gaming events; Red Bull, for instance, has a strong presence in the gaming community.^[@poi200007r37]^ Research has shown that in-game advertisements can make a strong impression on implicit memory, which could have a subconscious implication for later actions.^[@poi200007r38]^ This process can be explained by the theory of human associative memory, which posits that in-game presentation of a brand and repeated exposure to this presentation can link the brand with the game, which over time can affect brand image.^[@poi200007r39]^ Furthermore, the established association between SSB consumption and obesity^[@poi200007r13],[@poi200007r15]^ may help to explain the path from video game use to BMI SD score through the consumption of SSBs.

An explanation for why irregular bedtimes were found to mediate the association between video game use at age 5 years and the BMI SD score at age 14 years is that video game use before bedtime could be a factor in shorter sleep duration,^[@poi200007r18]^ which previous research has found to be associated with increased calorie intake and the development of obesity.^[@poi200007r33],[@poi200007r35]^ However, although overall the mediation model accounted for a substantial amount of the variance of the BMI SD score at age 14 years (36.7%), the effect sizes for the mediators in this study, despite being statistically significant, were small; thus, further research is needed to confirm these associations.

Although the prospective association between video game use and BMI SD score was consistent with previous research that explored the association between screen time and BMI SD score,^[@poi200007r12]^ findings from other research have suggested that a 0.25 change in BMI SD score was needed for it to be a cardiovascular risk factor in children.^[@poi200007r40]^ Therefore, these associations are unlikely to be clinically meaningful. The cross-sectional regressions also indicated that video game use may be differentially associated with BMI SD scores at different ages, with stronger associations observed at the younger ages (5 and 7 years) vs the older ages. This finding may reflect the increasing role that other behaviors play as a child gets older, weakening the association between this initial behavior and BMI. The association between other variables and BMI SD scores also appeared to differ over time. For example, high-calorie food consumption was associated with BMI at age 14 years but not at the younger ages. This finding could reflect children's growing independence from their parents, who had more control over their food intake at a younger age. However, the associations were small at all ages.

The results of this study could have implications for interventions that seek to target children's health behavior through video games. Previous research has found that parental restriction of screen time, specifically television use, can be effective in controlling children's behavior.^[@poi200007r41]^ Therefore, future research should investigate whether the principle behind these interventions could be applied to video game use to increase sleep regularity and duration among children. Because of the immersive nature of video games, players often remain engaged for prolonged periods and thus are exposed to more in-game advertisements.^[@poi200007r42]^ The implications of in-game SSB advertising and whether the restriction of gameplay time could alleviate the consumption of SSBs need to be studied. Furthermore, informing parents of the possible implications of video game use for their children may help raise awareness of the negative association between video game use and BMI. Nonetheless, these results may guide future interventions to prevent weight gain in childhood by encouraging health promotion in mainstream video games and helping to identify children most at risk because of their high levels of video game use.

Limitations {#H2-7-POI200007}
-----------

This study has several limitations. First, the mediation analysis we conducted could not establish causality, so care must be taken when interpreting the study findings. Further experimental research is needed to investigate the pathway from video game use to BMI through SSB consumption and regular bedtimes to confirm these associations. Second, most of the variables were either parent- or self-reported, which could have introduced social desirability bias in the responses.^[@poi200007r43]^ Because this study relied on secondary data, the best measures could not be selected for our research question. Previous research into the associations between snacking and BMI SD score recorded snacking frequency and percentage of overall caloric intake, which are more representative of behavior than the type of snacks the children ate.^[@poi200007r44],[@poi200007r45]^ In addition, these behaviors have been found to be associated with BMI in short-term studies; therefore, assessing these behaviors over the course of a number of years may not reflect current realities.

Conclusions {#H1-5-POI200007}
===========

Results of this secondary analysis indicated that early exposure to video games was associated with higher BMI SD score in later years, which may be partially explained by the irregularity of bedtimes and high consumption of SSBs among children who played more video games. However, a causal relationship could not be established by the mediation model used in the study. Further research is needed to identify whether a clinically meaningful association exists between these energy-balance behaviors and BMI given that the effect sizes were small, although a substantial amount of variance of the BMI SD score at age 14 years was accounted for in the model. Future interventions should also consider health promotion in mainstream video games to target children who are most at risk for obesity.

###### 

**eFigure 1.** Exploratory Mediation Model (All Energy Balance Behaviours at Age 7)

**eFigure 2.** Exploratory Mediation Model (Energy Balance Behaviours at Age 7 Minus Physical Activity)

**eFigure 3.** Sensitivity Analysis Mediation Model, BMI-SDS Change From Age 5 to Age 14 as Outcome

**eFigure 4.** Sensitivity Analysis Mediation Model, Independent Variables as Continuous Variables

###### 

Click here for additional data file.
